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(54) DISPLACEMENT METER 

(57)Abstract: 

PURPOSE: To measure the displacement of the 
surface of an object to be measured at high 
precision even through a light transmissive 
material. 

CONSTITUTION: A displacement meter consists 
of a laser diode 12 to radiate light rays to an object 
to be measured 16 and a second light rays limiting 
diaphragm part 29 arranged so as to move 
relatively to a lens 15 installed between the laser 
diode 12 and the object to be measured 16 and 
moreover the meter is provided with a tuning fork 
21 to vibrate the lens 15, a pin hole 17a where 
reflected light rays from the object to be measured 
16 pass, a photodiode 18 to receive light rays 
which pass the pin hole 17a, a computing part 20 to 
capture a detected position signal of the lens 15 at the time when the quantity of 
light rays reception by the photodiode 18 becomes the maximum, and a distance 
conversion part 50 to convert the captured detected position signal into the distance. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the displacement gage which measures the variation rate of the front 
face of a device under test based on the light income which is made to converge the 
light in which the light-emitting part carried out outgoing radiation, and has the lens 
made to project on a device under test, and the light sensing portion which receives 
the reflected light from a device under test, and this light sensing portion received A 
migration means to move at least one lens in the direction of an abbreviation optical 
axis among said lenses, The location detecting element which detects the location of 
the lens moved by this migration means, The 1st optical converging section arranged 
ahead of the light sensing portion which receives the reflected light from a device 
under test, The displacement gage characterized by having a means to catch the 
detection position signal which said location detecting element outputs at the 
maximum event of the light income of said light sensing portion, a means to ask for 
the variation rate of the front face of a device under test based on the detection 
position signal which caught, and the 2nd optical converging section arranged the 
front or behind said lens. 

[Claim 2] It is the displacement gage according to claim 1 constituted by the 
solenoid or piezoelectric device which drives the tuning fork with which said 



migration means is an excitation means to vibrate said lens moved with the 
predetermined amplitude, and said excitation means connected said lens moved, and 
this tuning fork. 

[Claim 3] The displacement gage according to claim 2 which has connected said lens 
moved with the end and the other end of said tuning fork of said excitation means, 
respectively. 

[Claim 4] Claim 1 which forms said 1st optical converging section by the pinhole or 

the slit, and is constituted thru/or a displacement gage according to claim 3. 

[Claim 5] Claim ] which forms said 2nd optical converging section by the hole or 

the slit, and is constituted thru/or a displacement gage according to claim 4. 

[Claim 6] The displacement gage according to claim 5 the diameter of the hole which 

is said 2nd optical converging section, or whose width of face of a slit is 

abbreviation one half to the diameter of the flux of light in the location where said 

2nd optical converging section is arranged and which is constituted like. 

[Claim 7] Claim 1 equipped with the slide means to which said 2nd optical 

converging section is made to slide thru/or a displacement gage according to claim 6. 

[Claim 8] The 2nd [ said ] claim 1 with an optical removable converging section 

thru/or displacement gage according to claim 6. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention projects light on the front face of device 
under tests, such as a metal, resin, paper, and a ceramic, and relates to the 
displacement gage which measures the variation rate of the front face of a device 
under test. However, the thing of the field in which the light on which it was 
projected reflects the "front face" used here, i.e., an interface, is said. For example, 
when light is projected on the matter with the translucency of glass etc., although an 
echo takes place with the front face and rear face of glass, it is considered that both 



these two fields are front faces. 
[0002] 

[Description of the Prior Art] For example, the focus inspection appearance type 
non-contact displacement gage is used for the equipment which measures the 
variation rate of the front face of device under tests, such as a metal and resin, 
drawing 13 - a journal "opto-electronics contact Vol.26, No. 1 1 (1988)" Foucault 
shown in the 775th page - it is the typical block diagram of the focus inspection 
appearance type non-contact displacement gage by law. It is projected on the 
outgoing radiation light of a laser diode 1 through a lens 2, the light wave division 
prism 3, and a lens 4 to a device under test 5. 

[0003] After reflecting by the light wave division prism 3, the reflected light from a 
device under test 5 passes along the light wave division prism 6, and each which 
detects the focusing point of the light projected on the device under test 5 carries out 
incidence to the photo diodes 7a and 7b of 2 division. The electrical signal by which 
photo electric translation was carried out with photo diodes 7a and 7b is inputted 
into the differential amplifier 8. The control section 9 consists of lens 
positioning-control-circuit 9a, data-processing circuit 9b, and display circuit 9c, and 
the output signal of the differential amplifier 8 is inputted into lens 
positioning-control-circuit 9a. the electromagnetism to which the control signal 
outputted from lens positioning-control-circuit 9a carries out downward moving of 
the lens 4 a top in the direction of an optical axis — it is given to a coil 10. 
[0004] Next, actuation of this non-contact displacement gage is explained. If light is 
projected from a laser diode 1 to a device under test 5, it will reflect by the light 
wave division prism 3, and incidence of the reflected light from a device under test 5 
will be carried out to photo diodes 7a and 7b. If the distance of a lens 4 and a device 
under test 5 changes here, the angle of divergence of the reflected light bundle from 
a device under test will change, and a difference will arise in the light income of 
photo diodes 7a and 7b. And the signal according to the difference of light income is 
outputted from the differential amplifier 8, and it is inputted into lens 
positioning-control-circuit 9a. And to a device under test 5, when the focusing point 
of the outgoing radiation light from a laser diode 1 arises, each light income of photo 
diodes 7a and 7b becomes equal, and the output signal of the differential amplifier 8 
is extinguished. 

[0005] Thus, it will be detected whether the focusing point of the light in which the 
laser diode 1 carried out outgoing radiation based on the light income of photo 
diodes 7a and 7b has arisen in the device under test, then, a focusing point arises in a 
device under test so that the light income of photo diodes 7a and 7b may become 
equal that is, — as - the control signal from lens positioning-control-circuit 9a - 
electromagnetism - if a coil 10 is driven and downward moving of the location of a 
lens 4 is carried out a top, the controlled variable which moves a lens up and down 
will be equivalent to the variation rate of the front face of a device under test, and 
will have measured the variation rate of the front face of a device under test with the 



controlled variable. 

[0006] However, when the so-called unlicensed light with which the light projected 
on the device under test 5 is hidden in the interior of a device under test 5 occurs, it 
will dive into the front face of a device under test 5, and the flare of the light of the 
three dimension by light will arise, each of two photo diodes 7a and 7b will receive 
the light which the focusing point has produced, and the light which has spread by 
unlicensed light, and a difference produces it in the light income of photo diodes 7a 
and 7b. The light which "an unlicensed light of the reflected light by the "front face" 
mentioned above" here is another, for example, enters into the matter, reflects it in 
the part which is not an interface, and comes out of this matter does not call it the 
reflected light by the "front face", but turns into "an unlicensed light." 
[0007] On the other hand, when the stray light has occurred within a laser diode 1 
etc. apart from it, it is projected on the stray light near the location which the 
focusing point has produced on the front face of a device under test 5, therefore two 
photo diodes 7a and 7b receive the light which the focusing point has produced, and 
the light by the stray light, and a difference produces them in the light income of 
photo diodes 7a and 7b also in this case. Therefore, when an unlicensed light or the 
stray light has arisen, even if the focusing point of the light in which the laser diode 
1 carried out outgoing radiation has arisen in the device under test 5, the light 
income of two photo diodes 7a and 7b does not become equal, but the problem that 
an error arises is in the value which measured the variation rate of the front face of a 
device under test 5. The stray light said here points out the light which is generated 
according to causes other than refraction of the normal generated within an optical 
instrument, or an echo and which is not desirable. 

[0008] In order to solve this problem, the measuring method as shown in drawing 1 
is proposed. As shown in drawing 1 t the outgoing radiation light from a laser diode 
C is completed to a device under test B through a beam splitter D, Lens L, and Lens 
A, and it projects. If Lens A is vibrated in the direction of an optical axis shown by 
the arrow mark with the predetermined amplitude, the location of Lens A will change 
like the curve Q shown in drawing 2 . And the distance of Lens A and a device under 
test B changes. It reflects by the beam splitter D and incidence of the reflected light 
from a device under test B is carried out to a light sensing portion E through optical 
converging section F. Whenever the focusing point of the light projected on the 
device under test B arises twice on a device under test B and a focusing point arises 
in 1 period of an oscillation of Lens A, the light income of a light sensing portion E 
becomes max. That is, when Lens A and a device under test B become predetermined 
distance, a focusing point arises on a device under test B. 

[0009] Then, before Lens A carries out a closest approach to a device under test B 
when light is projected on the height location low [ the ] noting that the variation 
rate (height) of the front face of a device under test B is a high, inside, and low 
three-stage, a focusing point arises in a device under test B at next each event, the 
light income of a light sensing portion E serves as max, and as shown in drawing 3 
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(a), 'the focus inspection appearance signals Z and Z occur. Moreover, when light is 
projected on the inner height location, a focusing point arises in a device under test 
B at the medium event of the event of Lens A carrying out a closest approach to a 
device under test B, and the event of maximum-deserting, the light income of a light 
sensing portion E serves as max, and as shown in drawing 3 (b), the focus inspection 
appearance signals Z and Z occur. Furthermore, before Lens A maximum-deserts a 
device under test B, at next each event, a focusing point arises in a device under test 
B, the light income of a light sensing portion E serves as max, and when light is 
projected on the high height location, as shown in drawing 3 (c), the focus inspection 
appearance signals Z and Z occur. Thereby, the location of the lens A at the time of 
the focus inspection appearance signals Z and Z occurring, i.e., the amplitude of 
Lens A, corresponds to the distance from the criteria location of optical system to a 
device under test, and if a device under test B is moved in the direction which 
intersects perpendicularly with an optical axis, the variation rate of the front face of 
a device under test B can be measured. 

[0010] The configuration and actuation of this conventional displacement gage are 
explained in full detail using a drawing below. Drawing 4 is the typical block 
diagram of the conventional displacement gage. The outgoing radiation light of the 
laser diode 12 driven in the laser power control circuit 11 carries out sequential 
passage of a beam splitter 13, and a lens 14 and a lens 1 5, and it is projected on it by 
the device under test 16. It reflects by the beam splitter 13 through a lens 15 and a 
lens 14, and incidence of the reflected light from a device under test 16 is carried out 
to photo diode 18 through pinhole 17a of the optical converging section 17 which 
forms pinhole 17a. Magnitude phi of pinhole 17a is selected in order to make in a 
minute path as much as possible by the degree type. The pinhole used here is 
^magnitude comparable as the beam diameter of the outgoing radiation light which 
pointed out the hole of very small magnitude with a diameter of about several 
micrometers, and it converged with the lens. 

The wavelength of the light of a phi=0.61x laser diode / NA — (1) 
However, NA is numerical aperture and is a constant shown according to optical 
system, this formula "Rayleigh resolution -- it is drawn by marginal." 
[0011] The signal which carried out photo electric translation with photo diode 18 is 
inputted into amplifier 19, and the output signal X is inputted into operation part 20. 
The periphery part of a lens 15 is attached at the head of 1 side length **** of the 
tuning fork 21 which carried out the shape of U character. A lens 15 is vibrated by 
oscillation of a tuning fork 21 with the predetermined amplitude in the direction of 
an optical axis of the outgoing radiation light of a laser diode 12. The location 
detecting-element slack tuning fork amplitude detector 22 which consists of a sensor 
using the MAG, light, or electrostatic capacity is arranged in the side by the side of 
the head of 1 side length **** of a tuning fork 21, and the amplitude of a tuning fork 
21, i.e., the location of a lens 15, is detected. The detection amplitude signal which 
the tuning fork amplitude detector 22 detected is inputted into amplifier 23, and the 



output signal Y is inputted into operation part 20. The solenoid 24 for vibrating a 
tuning fork 2] is arranged in the side by the side of the head of side length **** 
besides a tuning fork 21. 

[0012] The control current from the tuning fork amplitude-control circuit 25 is 
supplied to a solenoid 24, and it is controlled so that the output signal of amplifier 
23 may be given to the tuning fork amplitude-control circuit 25 and it may make the 
amplitude of a tuning fork 21 uniformly. The displacement signal outputted by 
catching by operation part 20 is inputted into the distance transform section 50. 
[0013] Drawing 5 is the block diagram showing the configuration of operation part 
20. The output signal X of the amplifier 19 (refer to drawing 4 ) inputted into 
operation part 20 is inputted into a differentiator 30 and plus input terminal + of the 
1st comparator 31. Reference voltage Vref is inputted into negative input terminal - 
of a comparator 31 The output signal S30 of a differentiator 30 is inputted into 
negative input terminal - of the 2nd comparator 32. Plus input terminal + of a 
comparator 32 is grounded. The output signals S31 and S32 of comparators 31 and 
32 are inputted into the 1 side input terminal of AND circuit 33, and the side input 
terminal else at each **, and the output signal S33 is inputted into the single shot 
pulse generating circuit 34. The single shot pulse S34 which the single shot pulse 
generating circuit 34 outputs is given as ON and an off control signal to Switch SW. 
[0014] The output signal Y from an amplifier 23 (refer to drawing 4 ) is inputted into 
an amplifier 36 through an amplifier 35 and Switch SW. The input side of an 
amplifier 36 is grounded through the capacitor 37. The amplifier 36 and the 
capacitor 37 constitute the sample hold circuit 38, and the displacement signal S38 is 
outputted from an amplifier 36. 

[0015] Next, actuation of the displacement gage constituted in this way is explained. 
If a current is supplied to a solenoid 24 from the tuning fork amplitude-control 
circuit 25, a field will occur by the solenoid 24. A tuning fork 21 vibrates with the 
predetermined amplitude by this generating field, and a lens 15 is vibrated in the 
direction of an optical axis of the light which passes along it. The tuning fork 
amplitude detector 22 detects the amplitude of a tuning fork 21, i.e., the amplitude 
of a lens 15, and outputs the amplitude slack sine wave signal of a lens 15. This 
sinusoidal signal is amplified with amplifier 23, and the output signal Y outputted 
from amplifier 23 is made to input into operation part 20. 

[0016] On the other hand, if an actuation current is supplied to a laser diode 12 from 
the laser power control circuit 11, a laser diode 12 will carry out outgoing radiation 
of the laser beam. It is projected on this outgoing radiation light through a beam 
splitter 13, a lens 14, and a lens 15 to a device under test 16. It reflects by the beam 
splitter 13 through a lens 15 and a lens 14, and is projected on the reflected light 
reflected by the device under test 16 to the optical converging section 17 side, and 
only the light which penetrated pinhole 17a carries out incidence to photo diode 18. 
Therefore, the reflected light by the stray light which was produced in the device 
under test 16, under which it went and which was generated with light and a laser 



diode 12 will be interrupted by pinhole 17a, and will not pass along pinhole 17a, but 
will carry out [ only the light of the focusing point produced in the device under test 
16 ] incidence to photo diode 18 at photo diode 18. 

[0017] By the way, since the lens 15 is vibrated, when the distance of a lens 15 and a 
device under test 16 changes and predetermined distance is reached If the focusing 
point of the light projected on the device under test 16 arises in a device under test 
16, it becomes max in an instant and the signal according to this light-receiving 
output is inputted into amplifier 19, the output signal X shown in drawing 6 (a) from 
amplifier 19 will be outputted, and the light-receiving output of photo diode 18 will 
be inputted into operation part 20. 

[0018] Thus, if an output signal X and an output signal Y are inputted into operation 
part 20, the output signal S30 of a differential wave which carried out the shape of 
reverse of S characters as differentiated an output signal X with a differentiator 30 
and shown in drawing 6 (b) from a differentiator 30 will be outputted. And the 
maximum of an output signal X will be detected by TO at the zero cross event of an 
output signal S30, and the event of the focusing point of the light projected on the 
device under test 16 arising will be detected to accuracy. This output signal S30 is 
inputted into a comparator 32, and a comparator 32 carries out the size comparison 
of an output signal S30 and the touch-down potential, starts from a comparator 32 by 
TO at the zero cross event of an output signal S30, and outputs the output signal S32 
of the pulse shown in drawing 6 (d) of the pulse width corresponding to the period of 
the negative half period of an output signal S30. 

[0019] On the other hand, a comparator 31 carries out the size comparison of an 
output signal X and the reference voltage Vref, and outputs the output signal S31 
shown in drawing 6 (c) of the pulse width corresponding to the period which has an 
output signal X more than reference voltage Vref from a comparator 31. If the logic 
of these output signals S31 and S32 is materialized, the output signal S33 of the 
pulse shown in drawing 6 (e) from AND circuit 33 will be outputted, and it will input 
into the single shot pulse generating circuit 34. Thereby, the single shot pulse 
generating circuit 34 outputs the single shot pulse S34 shown in drawing 6 (f) which 
starts synchronizing with the standup of an output signal S33. And Switch SW is 
made to turn on by this single shot pulse S34. 

[0020] If it does so, the output signal Y of the amplifier 3 5 which amplified the 
output signal Y is inputted into a sample hold circuit 38 through Switch SW, and a 
sample hold circuit 38 will sample and hold the signal level of an output signal Y, 
will amplify it with an amplifier 35, and will output the displacement signal S38. 
This will sample the level of the output signal Y at the zero cross event of an output 
signal S30, i.e., the amplitude of an objective lens 15. And the sampled displacement 
signal S38 is inputted into the distance transform section 50, the displacement signal 
S38 is changed into the distance according to the displacement signal S38, and the 
variation rate of the front face of a device under test 16 is measured. 
[0021] Drawing 7 is the timing chart of an output signal Y, the single shot pulse S34, 
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and the displacement signal S38. If the single shot pulse S34 shown in drawing 7 (b) 
occurs when a focusing point arises in a device under test 16 while the output signal 
Y is changing as are mentioned above, and shown in drawing 7 (a) corresponding to 
the location (amplitude) of a lens 15, the level of the output signal Y at the event 
will be sampled. And if a device under test 16 is moved in the direction which 
intersects perpendicularly with an optical axis, according to the variation rate of the 
front face of a device under test 16, as the displacement signal S38 is shown in 
drawing 7 (a), it changes stair-like, and the level of the displacement signal S38 and 
the variation rate of the front face of a device under test 16 correspond. Therefore, if 
the level of an output signal Y is sampled, according to RE ** RU of an output signal 
Y, the variation rate of a device under test 16 can be measured to high degree of 
accuracy. 

[0022] Moreover, a lens 15 is vibrated, and since the level of the output signal Y at 
the time of a focusing point arising is sampled and the variation rate of the front face 
of a device under test 16 is measured, the variation rate can be measured at high 
speed. 

[0023] Drawing 8 is the block diagram showing other configurations of operation 
part 20. An output signal X is inputted into the peak detector 40, the peak detecting 
signal SP outputted from the peak detector 40 is inputted into the 1st counter 41, and 
the counted value is inputted into an arithmetic circuit 42. On the other hand, an 
output signal Y is inputted into the zero cross detector 43, and the zero cross 
detecting signal SO which detected the zero cross is given to the 1st counter 41 and 
2nd counter 44. The counted value of a counter 44 is inputted into an arithmetic 
circuit 42. 

[0024] And the result-of-an-operation slack phasing signal S42 is outputted from an 
arithmetic circuit 42, and it is inputted into the distance transform section 50. The 
counter 41 is equipped with the latch section, counted value can be latched twice, 
and counted value is cleared by the zero cross detecting signal SO. The counter 44 is 
equipped with the latch section, counted value can be latched once, and counted 
value is cleared by the zero cross detecting signal SO. 

[0025] Next, actuation of the displacement gage at the time of using the operation 
part constituted in this way is explained with drawing 9 which shows the timing 
chart of an output signal Y, the peak value detecting signal SP, and the zero cross 
detecting signal SO. If the output signal Y shown in drawing 9 (a) according to the 
location (amplitude) of a lens is now inputted into the zero cross detector 43, the 
zero cross event of an output signal Y will be detected, and the zero cross detecting 
signal SO shown in drawing 9 (c) from the zero cross detector 43 will be outputted. 
The counted value of counters 41 and 44 is cleared by that cause, and it continues, 
and counters 41 and 44 start count actuation and count time amount. And a counter 
44 counts the time amount t3 of the event of the 2nd zero cross detecting signal SO 
being given from the event of the 1st zero cross detecting signal SO being given, i.e., 
the time amount of one period of an output signal Y, and makes the counted value 
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latch to the latch section. 

[0026] The output signal X acquired on the other hand when a focusing point arises 
in a device under test 16 detects the peak value of an output signal X, outputs the 
peak detecting signal SP, and inputs peak detector 40 input **** and the peak 
detector 40 into a counter 41. Thereby, a counter 41 makes the counted value tl of 
the event of the 1st peak detecting signal SP being inputted latch to the latch section 
of a counter 41 . The counted value t2 of the event of the 2nd [ further ] peak 
detecting signal SP being inputted is made to latch to the latch section of a counter 
41. Thus, the latched counted value tl, t2, and t3 is inputted into an arithmetic 
circuit 42. Thereby, an arithmetic circuit 42 computes the phase of the output signal 
Y at the output event of the peak detecting signal SP by the inputted counted value tl, 
t2, and t3 by calculating sin-1 (tl/t3) and sin-1 (t2/t3). 

[0027] Thus, the phase of the computed output signal Y is equivalent to the level of 
the output signal Y at the time of a focusing point arising in a device under test 16, 
i.e., the location of a lens 15. And the phasing signal S38 which is the result of an 
operation is outputted from operation part 20 (arithmetic circuit 42), is inputted into 
the distance transform section 50, changes into distance, and measures the variation 
rate of the front face of a device under test 16. Thus, even if it asks for the phase of 
the output signal Y at the time of detecting the peak value of an output signal X, the 
variation rate of the front face of a device under test 16 can be measured. 
[0028] in addition, when pinhole 17a is penetrated and incidence of the reflected 
light from a device under test 16 is carried out to photo diode 18 Even if the flare of 
light has arisen in the optical projection location of a device under test 16 by 
unlicensed light or the stray light Only a strong light when a focusing point arises 
carries out incidence to photo diode 18, by the reflected light by unlicensed light and 
the stray light, the light-receiving output of photo diode 18 does not change, and the 
variation rate of the front face of a device under test can be measured, without 
giving an error. 

[0029] Drawing 10 is the block diagram of other conventional examples of the 
excitation section. The piezoelectric device CM is fixed to the lateral surface of 1 
side length **** of a tuning fork 21, and each lateral surface of side length **** else, 
and a tuning fork 21 can be vibrated by impressing an electrical potential difference 
to this piezoelectric device CM. 

[0030] Drawing 11 is the block diagram of the conventional example of further 
others of the excitation section. The periphery parts of a lens 15 and a lens 14 are 
attached at the head of each ******** 0 f a tuning fork 21, respectively. And it is 
making as [ vibrate / both the lens 15 and the lens 14 ]. If it does in this way, the 
weight between one side each length **** of a tuning fork 21 may be equilibrated, 
and a tuning fork can be made to shake efficiently. 

[0031] Drawing 12 is the block diagram of other conventional examples of the 

optical converging section 17. It is the slit SLT established in the shape of a straight 

line by predetermined length, and the aperture width of Slit SLT is formed in the 



diameter and approximately the same size of pinhole 17a. Although the reflected 
light from a device under test passes in an excess a little and the light-receiving 
engine performance of a light sensing portion falls slightly when such a slit SLT is 
used, positioning at the time of the assembly for letting the specific reflected light of 
a device under test pass becomes easy. 

[0032] The measurement error over such a diving light and the stray light makes 
small magnitude of the spot of the laser beam which optical converging section F is 
arranged ahead of a light sensing portion E as shown in drawing 1 , and is irradiated 
to the object at the time of a focusing point, and as neither diving light nor the stray 
light is received by the light sensing portion E, it is canceled. 
[Problem(s) to be Solved by the Invention] 

[0033] However, when measuring the variation rate of the front face of an object 16 
through the matter 50 with translucency as shown in drawing 14 even if it eliminates 
the effect of diving light or the stray light in this way and a laser beam passes the 
matter 50 with translucency, it is refracted with this matter and aberration arises in 
the flux of light. It becomes impossible therefore, to converge the magnitude of the 
spot of a laser beam on one point. 

[0034] In drawing 14 , the condition of being completed by the laser beam in case 
the condition of being completed by the laser beam in case there is no wavy line of 
50 matter with translucency is shown and a continuous line has the matter 50 with 
translucency is shown. When there is matter 50 with translucency so that drawing 14 
may show, since aberration arises, a laser beam cannot be completed as one point on 
an object 16, and there is a problem that the accuracy of measurement falls. 
[0035] This invention offers the displacement gage which can measure the variation 
rate of the front face of an object through the matter of translucency in the 
displacement gage which measures the variation rate of the front face using the^ 
conventional focusing point in view of this problem, and in case [ both ] there is 
nothing with the time of there being matter with translucency further, when it is, it 
aims at offering the displacement gage which measures a surface variation rate with 
a sufficient precision. 
[0036] 

[Means for Solving the Problem] The displacement gage concerning this invention 
has the lens which is completed as a device under test and projects the light in which 
the light-emitting part carried out outgoing radiation, and the light sensing portion 
which receives the reflected light from a device under test. It has a migration means 
to move at least one lens in the direction of an abbreviation optical axis among said 
lenses. Said especially migration means is an excitation means vibrated with the 
predetermined amplitude, and said reflected light is received to said light sensing 
portion through the 1st optical converging section. The 2nd optical converging 
section which is the displacement gage which measures the variation rate of the front 
face of a device under test based on the light income which received light, and has 
been arranged further in the front of said lens moved, and back, It is characterized 



by having a means to catch the detection position signal which the location detecting 
element which detects the location of said lens moved, and said location detecting 
element output at the maximum event of the light income of said light sensing 
portion, and a means to ask for the variation rate of the front face of a device under 
test based on the detection position signal which caught. 
[0037] 

[Function] In this invention, if the lens as which the light which carried out outgoing 
radiation is completed is vibrated with the predetermined amplitude in the direction 
of an abbreviation optical axis, the distance of the lens and device under test which 
were vibrated will change. When this lens and device under test reach predetermined 
distance, it is projected on the convergence light by which the effect of aberration 
has been improved through the lens and the 2nd optical converging section which 
were vibrated to the device under test. At this time, the focusing point of the light on 
which it is small carried out and was projected produces the magnitude of a spot in a 
device under test through the matter with translucency. It is projected on the 
reflected light from a device under test to the 1st optical converging section, and the 
reflected light produced in the device under test by unlicensed light and the stray 
light is interrupted. And only the reflected light from the focusing point location 
which the focusing point has produced passes the 1st optical converging section, a 
light sensing portion receives it, and the light income of a light sensing portion 
becomes max. And the location of the lens at the time of light income becoming max 
corresponds to the distance from the criteria location of optical system to a device 
under test. If a device under test is moved in the direction which intersects 
perpendicularly with an optical axis, the variation rate of the front face of a device 
under test can be measured. 

[0038] Furthermore, the displacement gage which does not have the effect of 
aberration [ in case / both / there is nothing with the time of there being matter with 
translucency ] is realizable by removable or enabling the slide of the 2nd optical 
converging section. 

[0039] That is, when there is no matter with translucency, the optical spot which it 
converged smaller can be projected on the surface of a device under test by enlarging 
NA. On the other hand, although it becomes small with the 2nd optical converging 
section, NA suppresses the effect of aberration, and when there is matter with 
translucency, since it can project the optical spot which it converged small on the 
surface of a device under test, it can suppress aggravation of the accuracy of 
measurement. 
[0040] 

[Example] This invention is explained in full detail below with the drawing in which 
the example is shown. Drawing 15 is the typical block diagram of the displacement 
gage concerning this invention. In addition to the configuration of drawing 4 , the 
2nd optical converging section 29 is arranged ahead of the lens 15. Moreover, this 
2nd optical converging section 29 consists of holes which have a predetermined 



diameter, and it is equipped with it in the direction of V possible [ a slide ] to other 
optical system. It can be made to be able to move onto the optical axis of laser, and 
this hole can be arranged, when measuring the variation rate of the front face of an 
object through the matter with translucency, and it can extract the flux of light of 
laser now. 

[0041] It is about several mm in diameter, and this hole is small set up to the 
diameter of the flux of light of the part by which the 2nd optical converging section 
29 is arranged, and it is desirable that it is one half extent of the diameter of said 
flux of light preferably. 

[0042] A periphery part is passed to an optical axis among the flux of lights shown 
as the continuous line of drawing 14 , the laser beam currently irradiated by the 
object is eliminated by this and the aberration of a laser beam becomes small by it as 
compared with the time of there being no 2nd optical converging section 29. 
Therefore, the accuracy of measurement when measuring the variation rate of the 
front face of an object through the matter of translucency can be raised. 
[0043] Furthermore, since it is equipped with the 2nd optical converging section 29 
possible [ a slide ] as mentioned above, a variation rate can be measured, without 
lowering the accuracy of measurement by evacuating the 2nd optical converging 
section 29 from the flux of light including an optical axis, when the matter of 
translucency does not exist. 

[0044] Moreover, since this 2nd optical converging section 29 is further constituted 
from two or more lenses by this example even if it is behind a lens 1 5 although 
arranged ahead of the lens 15 in the example, you may be behind a lens 14. That is, 
when there are two or more lenses, the 2nd optical converging section 29 may be 
arranged between adjoining lenses. 

[0045] Furthermore, although this 2nd optical converging section 29 was a hole in 
the example, you may be a slit on a having-like slit as 1st optical converging section 
of drawing 12 -width of face comparable as diameter of aforementioned hole 
rectangle. 

[0046] In addition, although constituted possible [ a slide ], this 2nd optical 
converging section 29 may be constituted so that it may be removable. 
[0047] 

[Effect of the Invention] Since according to this invention it had the 2nd optical 
converging section in addition to the conventional displacement gage, this optical 
converging section is arranged the front or behind a lens and it was made still more 
possible [ a slide ] or removable as explained in full detail above, when there is no 
matter of translucency, in addition even if it is a certain case, the variation rate of 
the front face of a measuring object object can be measured with a sufficient 
precision. 



[Translation done.] 



(i9)b*s#hfjt (jp) 02) & US *t$ It" & $1* (a) (\mmmm$% 

#|H§¥8- 320208 

(43)&BB ¥$8^(1996)12;! 3 B 

(5i)int.a 6 mmn irmwmn fi a^^®^ 

GO IB 11/00 GO IB 11/00 B 



St*5i©8c8 SS (±10H) 





ft&¥7- 164449 


(71)ta©A 


000129253 










(22)ffiSB 


¥/£7*p(1995) 5 /325B 




±mff±m&mmyti*B l i tb 3#n 
















#«1j w& 








*mtkmiwmm-%&Bi i tb 3#h 











(54) imvzm &m 



(57) 

ism mmmzmLrmmzmmvimiL 
mm mm® 1 6 ^rnm % is— >f 

K l 2 \s-*f?J*~ K l 2 mm%VB l 6 fc<DH 

^X2 l 6frt>(Dfc§im v Mmt 2>¥y 

1 7 a e>t>-;l/ 1 7 a ^ilo/cTfe^ftT 

E8£glSU5 0i:*fiM.*. 




" . (2) 

1 

u yxmmzmt « ffi mm® t , fflt&nip t> v> 
mimtkmmiitzmmm*. w io 

c»#«2] a^tt^aataiBfciteftsuyx* 

cw*«3] affiainfi^gtofifBgxo-^&tff^ 20 

#«3iE*0gffifl-o 

5 ) mm 2 <D3ttS[ 0 'J >y h 

<fc Q JM LTflWi LT fcSfl»#Si 1 * 1^ Ll»#« 4 §2 

[If ^6] ilf2^2O3ttll!0»T-feSA©iSSXtt 

x >j y h v>&mi% 2 (om 0 aws* s ns mic 30 

1 %^ inm 6 fB^©^(5ii„ 
[0001] 

imiwimm vmism. mm. 40 
«i^»o^iB<ogfii[*«i^t«g{agtfciii-rst©T-s 

(0002] 



W8-3 20 2 08 

2 

ol. 2 6, No. 1 1 (1 9 8 8) J 317 7 5lfc* 

mmmm-e&Zo u-wj*- f i oan^ 

[0 0 0 3] ttmfc5*54>£4MH^ ftifcbWJ 
XA3T*KtfLfc& ftfc#flJX'JXA6*il*K WJ 
£*! 5 fcj^Lfc3fc0fc*j£i**ffi**, 2#£ J 

h ^Vtf- F 7 a, 7 b So * h £V 
F 7 a . 7 bT*5tlS»?tlft»^^ttMft7y^8 
^A^J^nSo MIW9ai/>XffilllHIPiaK9 atr 

-^saaiH]^9 bfc^@K9 c tTm&ztiT&t), 

UyXmUW®® 9 a UiMijT >78<DBiti&mfi 
XtlttiZo UyXtMWWPIilB9afr6flJ*Jn*IW 
W£*fli. U>X4*3Hfc&|fiJ'\±, Ti&StfStf&n 
-<;H o^^^txSo 

[000 4] *tc«!»P«jB@Effitt©ttff*Kifi , r*. 

f i 5 ^ytzwtttzt. 

5 *» &ORW3fcl43t«»Wy 'J X2> 3 L 
T*h*V*-F7 a, 7 b^AWtSo CCT'U^X 
4 i«»^5!:OII«tst 6 o 

^*>mLT, *b^>T*-F7 a, 
7 b©£)tttefgtf£t;3. ^LTMi)7yy8^P)§ 

)ts©^tc^ ufcm#^ai* $ nr uvxffinwspiHiB 

9a-\A/J$tiS 0 ^LT. 8M£ft5lc. 

*- F l *»6©W«3ttO^JfeStf4 Ufe i: f fctt* h 9 

-T*-K7a, 7 bcD^)felA^L<*0, Mi)7> 

[0 0 0 5] C©<t9^LT. *h^*f*-K J f a; 7 
b^7ti(c8o*^Tb— f ^V^— F 1 

fc^So ecT*h^>f*-K7 a. 7 b OS**** 
1/ >X&B W@SS 9 a 6 cDM^ifi^tc «t 0 

-<;n o%iraiitTuyX4©aB*±, Tii$-&n 
tf, u>X*±Tlli«**IWW*3Wft«J61lio«iBO* 

[0006] u*> tfttfesai^ft 5 miss* ufcfttf « 
ssy^^ 5 <Dmmt urn k> 3tt «t 5 3 %jt<oyt<D& 

tfO^USufcfcftoTx 2 04>* F F 7 
a, 7 b0^tt^jg*<4i;T^S3ti:, »D3tt«t 

-F7a, 7 bCS^StH^tS. ccn^, 

tOT-fet). #J;lkf. ^gO^fcAOWffiT-^V^T* 
SI^L. CCftSntttiSJtH:. THE] tcj;?,Klt^ 



(3) 



$F*W8-3 2 0 2 08 



cooo7] ztitmucis— >w*-f irt 

46 2 o©* h *V F 7 a , 7 b tt, CT 

*- K l ftltf Ucft©££lStfWJ£tl 5 fc£ UtV 
Tts 2 O©* h *V K 7 a , 7 b (O^iftMtm t 
< 4 5f . m\m 5 ©£ffi©gffi*il!l£ Lfcffifc&l 10 

# 4 1* kv*3 &«. c c i»f 5 aat * 

[0008] C OHH^HPftr Sfc*0 1 tc^t «t o 4 

4*- KC*»6©ffl«**if-A^yy 7 ^ d, uyx 

L Rlf 1/ y X A *ffl LT$i&iJ£tl B fc ft L T MM ? #8 
UyXA©ffillttH2fc^1-|ttllQOJ:^ 

■pKWLT3t»0«F*aoT5Bt»EfcA«1-*. U 

B ±fc 2 @4 £jg£tf£ C 3g$ 
ft* 5M»E03WI£itf«*lcfc*, EP*>. b>XA£ 

usij^ft b k««mj£e«te4-3fc t $ b ±tc 

[0 0 0 9] *c-c\ M»B©3tS©g{i 
fc)t*ft»tT^*»£ttv U>XA #»J5E^1B{;:1 30 

0 = 0. 6 1 x U-+f£V*- F©ft©i£g/N A 



IA1 



Itcftfc&W UT^S«^tt, U>XA B iz 



s 0 c©att ru-ru-oiWKiafiistj tcj;0#tti$n 

[ o o 1 1 ] * h k 1 8 ?Km& Ltcmit 

AaSftSJ^fc&oTVSo UW&LfcgX2 1© 
jfefSfcttUyX 1 5©jfli9% v tf®tttfe> 
tlTl/^o U>Xl 5&i, §X2 lOJil!)»Cj:*)x 40 
+f*V*-F 1 2<Dffilt)t©3ttt^lRl»i:m«fi«T*Jgft 
J*6tl5J:9fc6^m. £X2 1 <D~m&$&<0 

2^ES?nr^T. £X2 l^sfg, -Dzouyxi 

*0flW]fl^Y«iJ&£$2 O^A^^n-So ^X2 1© 

M'JU-^^iJ^di^rtcti. ^X2 l^jgsjj-e* 
fc4&©yuy^ K 2 43WER*tirt»*. so 



0> 03 (b) KSti^fc^jfcjSttaMt^Z, z#8 

a, uvXA^aiw^Btcasisi-s^ &©&n#£ 

T\ *flK»Bfc^JIIUS^4UT^»EO«tl^« 
*fc*D, 03 (c) fc***3fc£ftS*lWi#Z. 
Z*W5. CtxKJ:^ £££fcHMI*§Z, z^h 

4 l Rjfio u >X a ©fiB. o $ o u y X a ommtf 

m b <Dm(o%tiL*mfe?*z So 

[0 0 10] WTC©«e*<DgttW-<D««&tflftfffcO 

wm*H^*s. p— if^y-»@ss 1 1 T*ia&*ti 
* u— vwt- k 1 2 ©tui*)ttt, tr- Axyy y ^ 

1 3t, byXl 4RtfU>Xl 5i:*)B^jijSbTx 

1 6^5»©K«)tttl/yXl U>Xl 4^^ffio 
T¥-L7,ZfVv$ 1 tf>*-/H 7 a£ 

ffMLTl/^^»?95l 7©tf>*~A/l 7a5fcT 

1 7 a ©At * 0 tt, 3fc*fc <fc 0 eiR^tc^/jN^ 

©A^iitb, i/>xic±»j«*«nfcHi«)t©e-Ag 
(1) 

[0 0 12] y W^T F2 4fctt^Xli«»JWlaIIS2 5 
fr&©fM»««ft<#l&Sftx ^X«»[H^2 5{cti 

tt»§§§2 3©m*^#*^e.nT^X2 loiHB*- 
■effl*Tffl**n*«ffifli#tte«i«»»5 o^x** 

[0 0 13] 0 5«&m$2O©$j&£7jVfXDy^@ 

T-fe^o amaJ2o^A*«na*B§§i 9 (04# 

SS) ©tti?^^X«^i§3 0t. ^l©lt^§§3 1© 
E\tim?+tlck1]2nZo tk^g§3 1©^A^? 
-{C«S?P1EV r e f tfA*?tl*o »^S3 0©tti 
S 3 0 B$ 2 ©Jt«S 3 2 ©HAT^-^Aft 
?n§ 0 Jt«iB3 2©jEAa<S?+l48Ml!!2ftTV*o 
Jt«S3 1, 32©tl}MfS3K S3 2«AND(Hl 
8S3 3©-(MA*^ ffiflSIA^^?^S'JtcA** 
ti. ^©tt}^fl^S3 3ttyy^3-yh^;l/7>%4(H)gS 
3 4^\Atl?n-5o 7>->a -y h^;l/X%4@^3 4^ 
ffi^-r-57>->3-yh^;l/7.S3 4tt, ^y, 



" • (4) 

5 

COO 1 4] m%2 3 (H4#H) fr60ttttlfl»Y 
«u WMI3 5£, >Wy?- SWk*^LT«««3 6 
'xAflSn*, t|*s8§3 6©AMJ«3^t>-9- 3 7* 
fl-LTSMftSnT^So tl*s§§3 6i:3yr>-9-3 7i: 

§§3 6fr££W§S 3 8tftMj*ft.5J:5fcfcoT^ 

So 

[0 0 15] *tc©J:5fc«Wtbft«ffittOl(iff*R 
03*3. f X^GS»(h]$ 2 5 frfcV uy-r K 2 4 fc« 10 

»i*«*st zt. y uy -r k 2 4 1 «t 0 amwast* 
§xia@tttas2 2«^x2 lojgti, w*>isyx\ 5 
§§2 3*»6aj*«n*a*ft^Y*aai»2 o^a** 

[0 0 16] -73s U— 9^7-SJWlslB 1 1 
iW*-Kl 2i:iil^W5t U— »W 20 

X7°y>y#13, U^Xl 4RtfU>Xl SfciioTS 

ftttU^Xl 5tUyXl 4£i§?Ttf-AX7°<; 7? 

1 7 a£l$Ucft<9&tf*h*y*-F 1 8^ASt* 

?£i;fe»9Jfcatfu-tf*f-r*-K 1 2xmtm 

;b 1 7 a£15**h*y*^hM 8tctt; mifeVn 1 30 

[0 0 17] tCZX\ l/>Xl5*Wt^T^ 
^fcA6tc. U>X 1 5 1 6 fc<DffiK#g{fc 

ft©£j8uS#«i!l£fc l 6 lc£C3 fc, * h 2V*- K 

Kfcm&mmi o^A^n, kmbki 9*>e.H6 
( a ) fc^r tii^d^ x # ma ? n»*$ 2 0 ^ a*i s 

tl<5o 

[0 0 18] C^i^lcLTtB^fl^X, tftfjfl^Ytf 40 

zymznzwimiofrms (b) fc^ti^^ 

*„ *l/Tffl*iffi5X<0**fitf, aiWl^S 3 00-b* 

a ucmsM&m cm&*iEmzmtz etc 

**o C0ttifi^S3OaMt$8§3 2'\A*l£n> it 

t« J±»§§3 2fr6tfi?^i^S3O0tfo*DXlS£T 
0T-£±<K tb^^S3 0Oft©^^^K»C«(S 50 



WB¥8- 3 20208 

6 

**/W;MB©0 6 (d) fc**/<;l/X<Z>HtfjfI^S 3 
2£ffi*J*3o 

[0019] -73. tk$M3 ni, tiMmxtmw 

EV r e f fc**/htfc«U Jt«8i3 1 frfc, tB^/fi^ 
X!dl¥tffV r e f W±K**«fflt»*5t*'^7. 

t§©06 (c) tc/T-rai^fi^s 3 i*m;/j*3o en 
soai^fn s 3 1 , s 3 2 ©w&Mfi** t a n d 

@K 3 3*^06 (e) fc**/<;l/*0Htf3flHf S 33 
^ffi^lLT, 7^3? h/W*f^@!S34'\A*rf 
3 0 fftfcifly^S/ay WW*££@K3 4tt, Hi 
*lfI^S 3 30.u±DK|p|)WLT3i±£@6 ( f ) fc* 
t7y->3 7 Mrt/XS 3 4*tttfj*S 0 ^LTil^7 

y$/3 7h^;l/XS3 4lc XQXJyf- sw£*y£-e 

[0020] zotzt. mm^^ambmm 

3 5 OHJfct*! Y 7 S W£:ff LT+1 >X;1/*- 
8^A?^n, +)-y7Vl/*-;bF(H]&3 8tt 

f38§3 5-eH4@LT^{i{i*f s 3 8%tB^-r-5 0 enc 
iDHi^m^s 3 cKD-vtttvxnmzmzti'Mm 
Y©u^;k w^it*u>xi 50ig*g*-9-^xy^^ 
fscfcfc&ao ZLxyy-fvyfLtcgmms 3 

8*E««»»5 0^A*LT, ^(4{I^S3 8^, % 
fifl^S 3 8fc*Si;feffi)*fc*»LT, WJ^% 1 6© 

[0 0 2 1] l7tit±5^M^Y, 7>S/3 -y h^;l/XS 
3 4Rt>*^(itfI^S 3 8©^'T5y^f-+-hT*feSo 
|fi^t/c«J;9Cb>Xl 5<D&m (Mm) tW*5LTH 
7 (a) {c*T<fc?ca^{i^Y*mLTi/^t 
1 6 Cfdfjg-W ( b) fc 

mvyis 3 7 h / w* s 3 4 am? § > ^-©^ 
mMmYvi^oimyfvyytEftZo tbx® 

sti 1 6©affi©^&(ct5bT, ^{um-^s 3 8 ami 

(a) {OTx-ri^JcPgSttC^bLT. t(ufi^S3 8 

zcom&MmYowizyy-fvyiftm, m 

[0022] u>xi 5zmm-£xi5^x. g 
mmcm&<Dmm y <d wizv >xu y y 

[ 0 0 2 3 ] 0 8 tiiH^EgP 2 0 <Dfl!i©«lrit**'t 7*o -y 
^7@T'fe5 0 tii^fl^X«t!-^^ffiI5]^4 0-\A*$ 

n. e-^ttmiHiK4 o*^m*?n5tf-^^uim^ 

SP«^i©yj7>^4 l^A^/^n, W)yH 

«llg(Hl^4 2^A7^?nSo ffi^M^YttHfD 
^7 0X^0^4 3^7^?^ ■gD^DXtttHiLfc 
•b-D^D7.^aim^S0«^lc0yj7>^4 lRQ*m2 



7 

m$mm* 2^at3£*is 0 
[0024] *Lxtims&A2it>e>wMtykit&m 

\ms 4 2*<ffi;fj£ftffiS$ftSI$5 0'\A*i;?tt3«J:d 

^y^4 4«v-y^ai5^lx.r*3<9s #^yMI£i[H] 

tf£'J7;*ftSi:9{i:&oT^So 10 
[0 0 2 5] *fcC©J:5fc*ljabfcS8ia%ffl^fc« 

*tm9ktt>icmmz> 0 ^ i^yxmrn en 

fH) KjSi;fcH9 (a) K*tffi*l{rf Ytf-fe'D^DX 

(c) iCKtVvtrazmmS 0W&t)1<ti2>o Z 
tllC&K)t)'yyZ 4 1 . 4 4<D#->y H8tf£l)7£ 

m o 1 5 tB^m^ y © i mmd^r 1 3 <y y h 

[0 0 2 6] mm 1 6fc£*UStf4Ufci:* 

tr-^*tB@iS4 0ttaj*fli^x©e-^fi*tta 
u e-^twi^s ?z&-hLTt>*?y*4 
-rs- 0 cntcttj^r^^ 4 H* i @g©^^^aui- 30 

P^A^?tl/c^^T-073^>hfilt l£#"}> 
£4 KD^yf-SPtc^yf-S^So 5St2lilloe-^ 
ttttlflHiS PtfArtSftfcBfjaST*©**;/ hi t 2£ 

T^yfL/cA'JyUt 1, t2, t 3£?Ig|5]S&4 
2^A*rfSo ^nfcit), 8t»lI(S4 2ttAfi*ttfc 
*^>hffitl, t2, t3fc<fc»), sin-1 (tl 
/t3)Stfsin-l (t 2/t 3) *SB*l/re- 

So 40 
[0 0 2 7] C0«fc5fc*fflLfcffiaffi^Y©ffi*Btt8 
iflij^ i 6 ic£JMitf & Cfctfj6©ffl;&fflra Y (D 

8ST*&Sftfflfi^ S 3 8 8t»$ 2 0 (igg@S8 4 
2) fr5ffi**ftT£»gft»5 0'\Aa?tU 8gll(C 

^YOffifflfcJlU&TfcttfflSan 6©SiS©^fi*ffl^ 
T-t So 

[0 0 2 8] fcfe, Vmj&h 1 6*»e©S»3t*e>* 50 



W8-3 20 20 8 

8 

[o o 2 9 ] m i o «Anisia5oflfi©tse*fif!i©*iS0-p* 

S„ *X2 l ©HBfiTfaWD^IJIiBRtfflMBfiTfSW)^ 

zttf-ez So 

[0 0 3 0] 0 1 1 ttlMm)£Kfl&0%*ffl0ttj£H 
"PJfeSo ££2 l«MiJM^gP©«fc«b>Xl 5S 

tfuyxi 4 0jg8»#*.*n*tttt#ttT^*. 

ktf-p* So 

[0 0 3 1 ] 0 1 2 tt)t«»)gj 1 7 <0fl!W)ti£#0J<D«j£ 
0T&S„ BrJUfPilllCKtlBRtfc^U 7 h S L T t 
fcotfetK XD 7 h S LT©^Petttf>*-/H 7 

[0 0 3 2] COi^&.'jiOJi^^iDtfcWt** 
£^M«0 1 cfc 9 E <Dmfi tc W& *> F 

•*eb t ;■ snst/— wit- 

OX#7 h©^t?%/J^< U IDiift^JIJtoWi 
T^S„ 

[^A^Liotl-Sra 

[0033] l^u zvuzoicm&bftv&mm 
mmtT$>, 01 4(c^-r<fc9»c^tt©festis 

^S„ 

[0 0 3 4] 0 1 4 £fcV>T, »Stt2Jttt©fc-5«lS 
•rs^S^LTt^So 01 4fr&fefrSJ:5£ % 

[0 0 3 5] *»Wtt*»^*iaaiC«#, fl£*<D£j£jS 



9 

[00 3 6] 

tauyx© kt> ift©u>x*is)ifi(fc&isjfc 
&T-mz#%wmmhK), m?,mft*% i ©# 

S^VT$iJ£ti©^ffi©g{S£$J£t3g{ult-£& 

mt%m$mt, musLm&mmiitzm 
mm*. mi%m<o%mv>mm&v&z.%¥ 

« ffi**»«¥S k § c k k * 3 0 

[0 0 3 7] 

u >x £ ?.o c © \yyxm 

ft «£© U>X©fiB*V 

[0 0 3 8] Sfcfc, £2©3fc&9S*tB^Xtt* 
7^ FRj^fCf-S C kfc<fc t)iS7ttt©*5»S©a&*«F 

k4iM$0pg£fcfe^TJKM©RS©4t^ffifK&&i 
t£CktfiH#3o 

[0 0 3 9] gp^. g)ttt©feS«lStf4l^tt, N A 
**t<t*ckfc:«):^ £*)>h-$<&M2fttc%.7>X 
v h£ti»J£%©a®fc&MtScktfT*t3e 
a3tett©fc*»H©&3l$tt, NAtt£2©3t»9S$»c 
iD'hS <&&&©©. JRM©KS£W*.* /h?<i|X^ 

[00 4 0] 

[£ffiffl] ttT*8W**©i&Mat**BiIifcJ:9» 

^t3o 01 sttxmic&m&mmmm&mx' 



(6) ^¥8-3 2 0 20 8 

10 

fc4„ 04©^c|)P^TbyXl 5©M73fc^2©7t 
«D»2 93WEl*tlT^*. £fcC©3i2©}t»9Sl5 
2 9 ti. mS©*S%W-rS?tT'««?tlTfet)^ (ft© 

3 0 c©fttta^©fcS»g*aLTft*1&©£li© 

[0041] c©fttt, W*tfitS»5y^-h;l« 
10 T-fctK ^2©^0SP.2 9^ES^tlT^3^©)t 

[0 0 4 2] C©Cfcfc<fc0, 01 4©H^T'^?n-5 

m 2 ©jt« *?gP2 9 mt^tc 1 1 £ jt« LT/hs < * 
3 0 f^t, a»tt©*ji*aLTj«rti«>aiB©affi 

[0 0 4 3] 8Uj$Lfc<k5K3!2©7te&»?g|52 
20 9tt*7-f K^BtcStftStlTV*©?* iSfttt©^* 

*«#«EL4ii>fctk:tt»2©}t»t)»2 9£ft$4£tty 
JfcJfcfr SiiMS S £ i: K J: »> SlSfllfifc W* c k 

[00 4 <]-4fe, <:©£2©ft&9gP2 9«^St6Wc 
fc^TliUyXl SCitfjfcEBSttTVfcaV b>X 

1 5©^T-feoTt, $ <bicz. <»%mmxim®Mi<o 

]/yXfrt>ffif$.znx^%<DX\ \syX\A<DWixh 
oTfcj^o gp^, »»ft©u>x««**i«i4, «s?-r 
s b>xnita 2 ©ft$ d$ 2 9 #EH*twr t <fc 

30 -V,; ■ ■ - - ' 

[0 0 4 5] ZblC, a<D%2<Dmt*)®2 9imm\ 
lOs^XltftX3botct>\ 01 2<D%l<r>%m8!>tL 

tZOfefclOXV «; bXhoXt>£l\ 
[0 0 4 6] jjPxT, C©S2©jttS[0S?2 9«> 

[0 0 4 7] 

40 se*©^fiittcj!)a^T^2©^ogp?r(i^, zvm 
v^zuyxmfiwimic&mL. sskx^k 

Rl^Xtt*IKnI^fc:tfc©T\ S3ttt©%g©fti/^»i: 

[@ffi©iam*M 

m 1 ] «£*©gffi«^»a©iss©iiwH-efe*. 
[02] m\<»\syxwm^**tm ! %<»'immxir> 

[03] ^*^4i;/ckf ©S3t»©S3tlgftk, 
50 uyXA<D^sk©M&£*-ri£j£0T'£..g> o 



11 



[05] mwvmf&ZKtyovtmT'&Zo 

[17] mm^mz&^mwj ^y>?i-*-Y 

[08] m^mmm*t-7v>>mx*&z>o 
[09] msicKtmrnzmzmmcDtJ^y 

[010] hm®<Dmuwiz*tffif$,mx&z>o 

[011] M$^ft!l©i^J£/T^)&0?&3o 

[0 1 2] is i (DmvmmmmzTTstmmx 

[013] ^©l^(54^fiLl+(7)^^M0-e35§ o 

[014] mm(r>h^mmLxm%o)m<DU* 



(7) • $$[$¥8-3 20 2 08 

12 

mmx&Zo 

[015] *%wc^§^(uit^M^fi)c0-efe§ o 
[fr^oira] 
1 2 u— >f *y h 

14, 15 IsyX 

1 6 mifevs 



1 7 

1 8 
10 2 0 

2 1 

2 2 
2 4 
2 9 




[02] 



[01 2] 



SLT 





16 9 



[03] 



is m 



1 1] 




14 



15- 

















l 

/ 21 




[014] 










i tj ~ 


\\\. 

\ x V 
\ T 


tf 1 / 
j * / 

3 t / 

{;/ 

/'////> 







50 
Jo 



(9) 



$PffW8-3 2 0 2 0 8 



[06] 



(a)X 



(b)S30 0- 



-A — I 

-h 



(OS31 
( d)S32 
(e)S 33 

(f )S34 



JT 



JT 

JL 



40 
1 



43 



Sp 
_L 



So 



41 
1 



[08] 



44 



tl,t2 



t3 



42 



S in '( ti/t3 ) 
S I n"\ t2/t3 ) 

mm 



50 
£8S 



mi 3] 




-9b 



T — 



S3! IB 



•9c 



